Culture System. Eight-L (20 cm diameter) glass jars were fitted with a previously described standpipe and underground sprinkler system (6), modified so that four 15-mm-diameter PVC2 sprinklers were connected at 90°to one another by a '1.27-cm cross' PVC joint (Fig. 1) . This underground pipe system had an internal volume of 100 ml and was buried in an artificial rooting substrate consisting of 4 cm washed aquarium gravel on the bottom, a middle 2-cm layer of fme-grained dune sand, and a top 2-cm layer of more gravel. This substrate was very low in endogenous major nutrients, trace elements (15 ,g Cu contamination measured per tank), and organic carbon (<0.01% dry weight).
well. When yeast extract was omitted from the sediment and nitrogen was supplied as (NH4)2SO4, H2S was undetectable and Halophila plants survived, but growth was still extremely slow. It appeared that rich, organic sediment conditions were inhibitory to Halophila growth, but that NH4-N alone did not support good growth either.
Inasmuch as the organic-rich sediments favor proliferation of sulfate-reducing bacteria, excessive production of H2S could have inhibited Halophila. Therefore, growth experiments were conducted to determine (a) the sensitivity of Halophila to H2S levels in the sediment and (b) if Halophila had nutritional requirements in addition to the previously-described sediment enrichment used for Halodule. ' Culture System. Eight-L (20 cm diameter) glass jars were fitted with a previously described standpipe and underground sprinkler system (6) , modified so that four 15-mm-diameter PVC2 sprinklers were connected at 90°to one another by a '1.27-cm cross' PVC joint (Fig. 1 ). This underground pipe system had an internal volume of 100 ml and was buried in an artificial rooting substrate consisting of 4 cm washed aquarium gravel on the bottom, a middle 2-cm layer of fme-grained dune sand, and a top 2-cm layer of more gravel. This substrate was very low in endogenous major nutrients, trace elements (15 ,g Cu contamination measured per tank), and organic carbon (<0.01% dry weight).
Nutrient Additions. Nutrients were added to the dried substrate via the standpipe in a total volume of 700 ml ESWM, which completely 'waterlogged' the substrate. ESWM initially contained these components: 2 tLm-filtered, 32 g-I`salinity, offshore Gulf of Mexico seawater, 700 ml; Na2.EDTA, pH 7.5,46.0 mg; FeSO4A 7H20, 27.8 mg; ZnSO4.7H20, 2.0 mg; MnCl2.4H20, 4 .0 mg; Na2-MoO4, 2.0 mg; CoCl2 6H20, 0.2 mg; CuSO4.5H20, 0.12 mg; Na2HPO4 + KH2PO4, pH 7.0, 60 mg P total; vitamin B1, 2.0 mg; vitamin B12, 40 ug; vitamin B6-HCI, 5.0 mg; biotin, 1.0 mg; and 2 ml sprinkler water from a previous tank as a sediment bacteria inoculum. Various nitrogen or carbon supplements were also added in ESWM depending on the growth conditions desired. NH4+ was included as (NH4)2SO4 (188 mg); organic carbon was added as mannitol (1.0 g) or the organic N compounds listed in Table I . At approximately 1-month intervals, tank nutrients were replenished by adding the above amounts to the sprinkler in 75 ml seawater, followed by 125 ml pure seawater to flush out the sprinkler.
By comparison, ESWM has a similar composition to Provasoli's P-8 trace metal mix (5), with the following differences: ESWM is 3, 2, 5, and 1.7 Arginine and allantoin supported an even higher growth rate and total standing crop than yeast extract, while all other organic N compounds essentially equalled the response to yeast extract.
NH4' in combination with mannitol was found to have the same effect as yeast extract, in striking contrast to NH4' alone. Differences in total shoot production after 1 month are due partly to different growth intervals (3 versus 4 versus 10 d between shoots), and partly to differences in rate of branching by old shoots. As indicated in Figure 3 and Table I , shoots grown on NH4' + mannitol were also slightly smaller and died more rapidly than shoots grown on other forms of organic N.
Ammonium by itself, allantoin, or yeast extract were tested in the water around the leaves, where only the organic compounds showed any growth stimulation. However, a 'bloom' of algae and bacteria occurred in the water, indicating that the compounds were rapidly metabolized by microorganisms and may not have been available to the plants for a sustained period. Hence, both compounds supported growth over a 3-week period with an interval of only 4 to 5 d per new shoot.
DISCUSSION
This study indicates a subtle, yet inexplicable, influence of sediment Cu on Halophila growth. An exaggerated cellular demand for Cu does not seem to exist, inasmuch as Halophila leaves do not normally accumulate high amounts of Cu and even the low Cu-grown plants had Cu contents at the low end ofthe normal range. Rather, these results may indicate a complex interaction between copper sulfide and the roots or root microorganisms. When present in H2S-containing marine sediments at the low levels specified in defined culture media, copper will be totally complexed as CuS; and the absolute amount of CuS may affect a critical root or rhizosphere microorganism process.
Although Halophila grew well in the presence of low levels of sediment H2S (0.2 mM), its growth appears more sensitive to H2S than Halodule previously appeared (6) . The experiments with HYPONEX 8-4-2 suggest that Halophila may be inhibited by H2S levels higher than 0.5 mm, whereas Halodule previously tolerated over 1 mM.
Based on these data, a requirement for organic N in the sediment can be postulated for vigorous growth of Halophila. When additions of less than 20 mg organic N were made to growth tanks, Halophila growth decreased greatly after 2 weeks. With addition of 50 mg N, plants grew at a constant rate for about 4 weeks before it was necessary to replenish nutrients. The striking response of plants to NH4+ + mannitol, in contrast to NH4+ only, suggests the participation of rhizosphere bacteria in plant growth. By assimilating NH4' and producing appropriate organic N compounds, these rhizosphere bacteria may constitute a 'cryptic' beneficial association with Halophila roots.
These results suggest a dependence on urea as a growth substrate, which may reflect a specialization by Halophila in its N assimilation metabolism. Arginine and allantoin, which supported better growth than even glutamine or yeast extract, are both involved in urea production through the arginase and allantoicase reactions, respectively (3). The relationship of ureide-N to Halophila nitrogen assimilation may be especially significant and will be further investigated. Currently, studies of ureide compounds are primarily limited to leguminous plant species and their function in N2-fixation metabolism (4) .
